Key indicators: single-crystal X-ray study; T = 93 K; mean (C-C) = 0.002 Å; R factor = 0.036; wR factor = 0.094; data-to-parameter ratio = 18.6.
In the title salt hydrate, C 22 H 30 N 2 O 6 2+ Á2Cl À ÁCH 4 O, the dication adopts a U-shaped conformation whereby the benzene rings are splayed out from the chain linking them. 
Related literature
For related literature on dinucleating ligands, see : Fenton & Okawa (1997) ; Uhlenbrock & Krebs (1992) ; Ghiladi et al. (1997) ; Koga et al. (1998) ; Kitagawa et al. (2004) ; Bradshaw et al. (2005) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ). 1,12-Bis(2-carboxyphenyl)-5,8-dioxa-2,11-diazadodecane-2,11-diium dichloride methanol solvate S. Johnson, G. T. Musie and E. R. T. Tiekink
Comment
Since the concept of dinucleating ligands was developed (e.g. Fenton & Okawa, 1997; Uhlenbrock & Krebs, 1992; Koga et al., 1998) , various dinucleating ligands that stabilize dinuclear metal complexes have been reported in the literature (e.g. Ghiladi et al., 1997; Kitagawa et al. 2004) . Such ligands have also attracted attention in supramolecular and materials chemistry owing to their variety of structural topologies and potential applications in the rational design of metal-organic frameworks (Bradshaw et al., 2005) . Motivated by the above, the title compound, (I), was prepared as part of a on-going study aimed at developing this chemistry.
The crystallographic asymmetric unit of (I) comprises a 1,12-bis(2-carboxyphenyl)-5,8-dioxa-2,11-diazadodecane-2,11-diium dianion, two chloride anions, and a methanol molecule of solvation, Fig The most prominent interactions linking the asymmetric units are of the type C-H···O, Table 1 . These involve the solvent methanol molecule which in turn is connected to both the Cl1 anion and the carboxylic acid-O2 atom of a second cation. In this fashion a supramolecular helical chain is formed along [0 1 0], Fig. 3 . Fig. 3 clearly illustrates the differences between the chlorides in that the Cl1 -anion forms three significant hydrogen bonding contacts and the Cl2 -atom only forms two.
The supramolecular chains are consolidated into the crystal structure via C-H···π interactions, Fig. 4 and Table 1 . These occur between methylene-C8-H8b and the ring centroid, Cg, of the C16-C21 ring so that H8b···Cg i = 2.88 Å, C8···Cg i = 3.6364 (16) Å with an angle of 134 ° subtended at the H8b atom, for symmetry operation i:
In a 200 ml round bottom flask, 2-carboxybenzaldehyde (4.0424 g, 0.027 mol) was dissolved in methanol (30 ml). While stirring at 308 K, sodium hydroxide (1.0754 g, 0.027 mol) was added. In a separate flask, 2,2'-(ethylenedioxy)bis(ethylamine) (NOON) (1.951 ml, 1.98 g, 0.013 mol) was dissolved in methanol (10 ml). The NOON solution was added drop-wise into the original solution using a pipette. The reaction was left to react for 2.5 h. NaBH 4 (2.4296 g, 0.0643 mol) was then added to the flask in small portions. The resultant mixture was heated and stirred for another 2.5 h. It was then cooled in an ice bath and filtered to remove any solid. To the filtrate, concentrated HCl was added drop wise until the pH was about 2-3. A white precipitate was formed and filtered using gravity filtration. The white product was washed with acetone three times to remove any impurity and was dried. Single crystals were obtained by slow evaporation of an acidic (1M HCl) aqueous solution of (I).
Refinement
The N-and C-bound H atoms were geometrically placed (N-H = 0.92 Å and C-H = 0.95-0.99 Å) and refined as riding with U iso (H) = 1.2-1.5U eq (C). The O-H hydrogen atoms were located from a difference map and refined with O-H = 0.84 (1) Å, and with U iso (H) = 1.5U eq (O). 
